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Type 2 ipRGC connections occur
in the layer of the inner plexiform
layer where excitatory responses
to light ON are generated. By
having these ipRGCs fluorescently
labelled, it was possible to record
their electrical responses.
Inhibitory synaptic currents were
observed at light ON but not at light
OFF, confirming a connection from
amacrine cells driven byON bipolar
cells. The ipRGCs are therefore
quite different to most other
ganglion cells that receive inputs
from amacrine cells responding at
both light ON and OFF.
The type 1 ipRGCs receive
synaptic inputs from a very rare
and unusual type of amacrine
cell— the interplexiform cell. These
connect the synaptic (or plexiform)
layers in the inner and outer retina,
and release dopamine. This is an
intriguing observation because
dopamine is a neurotransmitter
that controls slow changes in
the function of the retina
accompanying adaptation to light
[17]; one of dopamine’s many
effects is to regulate the levels of
melanopsin in ipRGCs. Mice
lacking a dopamine receptor are
also deficient in the ‘‘masking
response’’, a sudden decrease in
locomotion in response to bright
light occurring through the
circadian rhythm set by the SCN
[18]. Melanopsin-containining
ganglion cells therefore provide
a link between the neural circuitry
controlling light and dark
adaptation within the retina,
and the circuitry of the SCN
that controls brain and body
function according to the circadian
rhythm.
The nervous system is made up
of an enormous variety of neurons
with different structures,
connections and response
properties. The combination of
viral tracing methods,
immunohistochemistry and
electrophysiology used by Viney
et al. [16] has provided important
insights into the functional
connections of two of the most
specialized and rare neurons in the
retina involved in setting the body
clock. Viruses can be injected
accurately in various regions of the
mammalian brain so this approach
holds great promise for studying
the precise structure, connectivity
and function of neurons in a variety
of different networks [19].
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R609Pleistocene Extinctions: Haunting
the Survivors
For many years, the megafaunal extinctions at the end of the Pleistocene
have been assumed to have affected only those species that became
extinct. However, recent analyses show that the surviving species may
also have experienced losses in terms of genetic and ecological
diversity.Michael Hofreiter
Between 50,000 and 10,000 years
ago, most genera of megafauna
(animals exceeding 44 kg) went
extinct, including such spectacular
animals as mammoths, giantground sloths or sabre-toothed
cats. This Pleistocene extinction
has been puzzling researchers
for a long time [1]. Several
explanations have been proposed,
such as climate change as well
as direct and indirect human
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R610Figure 1. Wolves on the move.
New data from Leonard et al. [5] suggest that some time during the Pleistocene, gray
wolves migrated to America from Asia across the Bering land bridge. Later, a different
ecomorph, adapted to feeding and scavenging on megafauna mammals evolved either
in North America or Eurasia. At the end of the Pleistocene, the northern wolf population
went extinct together with many other species of megafauna. Subsequently, modern
gray wolves like those pictured from the more southern populations re-invaded the
empty northern habitat. (Picture courtesy of Dan Stahler, National Park Service.)impact — by hunting or
deforestation; however, none
of those explanations is widely
accepted, and different causes
may have been important on
different continents [1]. Many
analyses, however, have focused
solely on the extinct species, while
implicitly assuming that the
surviving species remained largely
unaffected by the Late Pleistocene
extinctions. Several studies [2-4],
including a recent one in Current
Biology [5] question this
assumption.
Megafauna Extinctions
Before humans emigrated from
Africa some 60,000 years ago and
populated the rest of the world
within the following 50,000 years
[6], all continents were inhabited by
a variety of large animals, ranging
from the herbivorous mammoth,
giant deer or woolly rhinoceros to
carnivores such as sabre-tooth
cats and the giant short faced bear
and birds like the giant Australian
thunderbird Genyornis, to name
just a few. However, 10,000 years
ago, only about 50 of the original
150 genera of large mammals were
left. The extent of the extinctions
ranged from nine genera in Eurasia
to as many as 50 in South America.
Despite extensive research over
decades, the reasons for these
extinctions remain largely elusive.
For Australia, the timing of the
extinctions shortly after humanarrival and the large-scale
landscape change, possibly
through fires, suggest that
humans were primarily responsible
for the demise of the local
megafauna between 50,000 and
45,000 years ago [7].
However, the situation is more
complex on other continents. In
particular for the North-American
continent there has been an
extensive debate about the
possible causes of megafauna
extinctions [8,9]. Given that the
key issue is the role of humans, the
debate has sometimes been
fierce. The views range from an
exclusive human responsibility
[10] to a total absence of human
influence on the extinction of
these species [9]. Analyses of
island faunas convincingly show
that humans have driven species
to extinction in the past [1], but it
is unclear whether island analyses
can be extrapolated to continents,
where species usually occupy
much larger habitats and come in
greater numbers. Moreover, even
on islands the patterns of
extinction may be complex. A
range of ground sloth species on
the Caribbean islands, for instance,
went extinct shortly after initial
colonization by Amerindians [11],
arguing for a direct human
influence, probably by hunting. By
contrast, several Puerto Rican
mammals became extinct in
a more protracted fashion, withsome species probably dying out
only after European arrival [12],
which is more consistent with
models that include landscape
change and predation of the native
fauna by introduced species.
Impact on Surviving Species
While understanding the causes of
species extinction seems to be
complex enough, the picture is
further complicated by recent
studies indicating that surviving
species may also have been
affected by the Late Pleistocene
extinctions, albeit in rather
unpredictable ways. In 2002,
Barnes et al. [2] found evidence
that a local population of brown
bears had become extinct in
Alaska some 35,000 years ago
and that the region was
subsequently recolonised by
genetically different brown bears
about 20,000 years ago [2].
Intriguingly, the two groups of
bears differed in their diet, with
the younger group being more
carnivorous. This shows that the
large scale changes in species
composition may also have
impacted surviving species.
Leonard et al. [5] have now
performed a similar analysis,
studying Late Pleistocene wolves
from Eastern Beringia, i.e. the
north-western part of North
America.
The gray wolf, Canis lupus,
(Figure 1) once occupied one of
the largest habitats among large
predators, stretching fromWestern
Europe across Asia into North
America. Early genetic studies
suggested that there is little
genetic structure in extant wolf
populations [13], implying that
local extinctions should not affect
the genetic diversity of wolves.
However, a study of wolf museum
specimens originating from the
southern part of North America
showed that wolves had lost
a substantial proportion of their
genetic diversity when they were
almost completely eradicated
from this area in the early to mid
1900s [14]. In their new analyses,
Leonard et al. [5] not only studied
the genetic diversity but also the
morphology and diet of Late
Pleistocene gray wolves from
eastern Beringia [5]. Their results
are intriguing in several respects.
Neurite Outgrowth: A Flick of the
Wrist
A new study has shown that, near the tip of a growing axon,
dephosphorylation of the microtubule-associated protein Doublecortin
is controlled by protein phosphatase 1 and its regulator spinophilin. This
results in spatially regulated microtubule bundling within the axon and
more efficient axon outgrowth.
Leif Dehmelt and Shelley Halpain
Wiring up the nervous system
requires that neurons migrate,
extend axons and make axonal-
guidance decisions with relatively
high spatial and temporal fidelity.
When such ‘geographic’ events go
awry — even within a subset of
neurons — the development of
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Beringian wolves were
morphologically different from
modern North American wolves
and from Pleistocene wolves from
more southern regions. Moreover,
the differences in morphology
suggest that the Pleistocene
Beringian wolves were adapted
to hunting and scavenging
members of the now extinct
megafauna, a conclusion
supported by isotope analysis.
Finally, these wolves not only
represented a different ecomorph,
they were also genetically distinct.
Not a single sequence of their
mitochondrial DNA haplotypes
exactly matched sequences found
in modern and historical wolves
identified to date. However, some
of the sequences perfectly
matched, albeit only for short
stretches, sequences obtained
from Eurasian Pleistocene wolves
[15], from as far west as the Czech
Republic. Thus, Pleistocene
wolves across Northern Eurasia
and America may actually have
represented a continuous and
almost panmictic population that
was genetically and probably also
ecologically distinct from the
wolves living in this area today.
Despite their high mobility, these
wolves did not escape the
megafaunal extinctions at the end
of the Pleistocene, even though the
causes of their extinction are
unclear. The specialised
Pleistocene wolves, thus, did not
contribute to the genetic diversity
of modern wolves. Rather,
modern wolf populations across
the Holarctic are likely be the
descendants of wolves from
populations that came from more
southern refuges as suggested
previously for the North American
wolves [14]. If this is true for
a highly mobile and ecologically
adaptable species like the gray
wolf [16], it is also likely to be true
for other surviving species.
The results obtained by
Leonard et al. [5] clearly call for
an extension of interdisciplinary
studies, both on Eurasian wolves
and other surviving holarctic
species. As shown for bisons,
most of the genetic diversity of
megafaunal animals may have
been lost at the end of the
Pleistocene, even in survivingspecies [4]. Moreover, most of
this diversity seems to have
accumulated during the 100,000
years between the last two glacial
maxima 130,000 and 30,000 years
ago, respectively. Both the
genetic diversity and the ecological
adaptations of populations may
therefore bemuchmore ephemeral
than previously believed. While
the results by Leonard et al. [5]
do not immediately help in
deciphering the causes of Late
Pleistocene extinctions, they show
that the ecological and population
changes occurring at that time
were rather complex and cannot
simply be explained by the
survival of some species and
extinction of others.
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